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Description 

[0001 ] The invention refers to a method and apparatus 
for making an embossed web. 
[0002] In the manufacture of tissue products such as 
facial tissue, bath tissue and paper towels, it is known 
that embossing increases the bulk of the product as well 
as improves aesthetic appeal. A trade-off, however, is 
the fact that embossing also reduces the strength of the 
embossed sheet and, in the case of roll products, an 
increase in bulk is accompanied by a decrease in roll 
firmness. 

[0003] In US-A-2,257,428 a method for producing an 
allround extensible paper is known. 
[0004] A continuous paper web is bunched trans- 
versely to the running direction and is then bunched up 
in the longitudinal direction between cylinders rolling 
over, or contact with each other, surfaces of which cylin- 
ders are provided with suitable complementary eleva- 
tions and depressions. 

[0005] The elevations of the cylinders roll in the 
depressions of the other or counter cylinder. Due to the 
fact that the protruberant surface of the cylinder B is 
external of its rolling circle n, whereas the surface of the 
cylinder A is on the other hand located within its rolling 
circle m, the revolving movement of the surface of B is 
accelerated with respect to the surface of A so that the 
depressions of B have a greater speed than the pro- 
jected points of the primary cylinder A. Therefore, the 
depressions of the cylinder B must be widened with 
respect to the corresponding elevations of A, and the 
direction of rotational movement. 
[0006] The invention provides a method for emboss- 
ing a web according to independent claim 1, and a pair 
of embossing rolls according to independant claim 1 1 . 
[0007] Further advantageous features, aspects and 
details of the invention are evident from the dependent 
claims, the description and the drawings. 
[0008] The invention is based on the findings that 
male and female embossing elements having different 
geometries (unmatched embossing elements) and 
which are preferably made of a relatively deformable 
material such as rubber or plastic can produce a visu- 
ally more distinct embossing pattern which imparts 
greater bulk to the embossed sheet with substantially 
less loss of firmness compared to conventional 
embossing techniques. Such differences in geometry 
create "pinch points" as the male and female emboss- 
ing elements are engaged where the web to be 
embossed is compressed or pinched between a side- 
wall of the female embossing element and a bottom cor- 
ner of the male embossing element and/or is 
compressed between a sidewail of the male embossing 
element and the top edge of the female embossing ele- 
ment. It is believed that the pinch points cause isolated 
compressions of the web which impart durability to the 
embossments. This results in embossments which are 
more distinct than conventional embossments and pro- 



vides greater bulk at a given level of firmness. For pur- 
poses herein, embossing elements are protrusions 
(male embossing elements) or depressions (female 
embossing elements) formed on the surface of a roll or 

5 plate used for creating corresponding deflections 
(embossments) in a web. Common methods of forming 
embossing elements include engraving or etching. 
[0009] Hence in one aspect, the invention resides in a 
method for embossing a web comprising deflecting the 

w web between unmatched male and femaie embossing 
elements, wherein the sidewail slope of the female 
embossing elements is less than the corresponding 
sidewail slope of the male embossing elements, 
whereby each sidewail slope is measured relative to the 

t5 plane of the undetected web, wherein the sidewail 
slope of the male embossing elements is from 5° to 10° 
greater than the sidewail slope of the female embossing 
elements. 

[0010] In another aspect, the invention resides in a 

20 pair of embossing rolls having unmatched male and 
female embossing elements, wherein the sidewail slope 
of the female embossing elements (32) is less than the 
corresponding sidewail slope of the male embossing 
elements (31), whereby each sidewail slope is meas- 

25 ured relative to the plane of the undetected web, 
wherein the sidewail slope of the male embossing ele- 
ments is from 5° to 10° greater than the sidewail slope 
of the lemale embossing elements. 
[001 1 ] The pair of embossing rolls can include one roll 

30 having all male elements and the second roll having all 
female elements, or each roll can have both male and 
female elements. Preferably at least one of the emboss- 
ing rolls, and most preferably both of the embossing 
roils, is covered with a rubber surface. Rubber emboss- 

35 ing elements yield slightly to the web and are believed to 
be less likely to damage the strength of the web during 
embossing. 

[001 2] The invention can be used to produce a creped 
bath or toilet tissue having a sheet bulk/embossed area 

40 ratio of about 50 or greater, more preferably about 60 or 
greater, and most preferably about 75 or greater, 
wherein sheet bulk is expressed as cubic centimeters 
per gram and embossed area is expressed as the frac- 
tion of the surface area which has been deflected 

45 inwardly from the outside of the tissue web. Preferably, 
such bath tissues have a sheet bulk of about 12 cubic 
centimeters per gram or greater, more preferably about 
13 or 14 cubic centimeters per gram or greater. 
[001 3] Sheet bulk is measured substantially in accord- 

50 ance with TAPPl Standard T41 1 -68 except for the load- 
ing on the pressure foot, which is 95 grams per 2.54 cm 2 
(square inch). The method utilizes a TM! Bench 
Micrometer, Model 549MSP having a 5.08 cm (2 
inches) diameter anvil, and comprises placing a single 

55 sheet of tissue on the anvil such that all points on the 
peripheries of the contact surfaces are at least 0.64 cm 
(1/4 inch) in from the edges of the sample. The instru- 
ment motor is started and two measurements are taken 
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within 15 cm (6 inches) of each other in the cross- 
machine direction of the sample. A reading is taken 
near the end of the dwell time on each test and is read 
to the nearest scale division. The average of the two 
readings is the sheet bulk of the tissue. 
[001 4] The embossed area of the tissue is determined 
by simply filling in the embossing depressions in the tis- 
sue with a black pen and using standard image analysis 
practices to measure the percent area of the tissue 
which has been darkened with the pen. More particu- 
larly, one sheet of bathroom tissue is removed from the 
roll and placed on a table with the tissue surface from 
the outside of the roll facing up. All of the embossing 
depressions or channels of the tissue sheet are dark- 
ened using a BIC® Micro Metal black ink pen. Care 
should be taken to only darken in the indented portions 
of the sample as accurately as possible. The marked is- 
sue sheet is then subjected to image analysis by placing 
the tissue sheet on a uniformly well lighted table. A cam- 
era (Dage MTI CCD Video Camera-Model #VE CCD) 
and lens assembly (Nikkon 28-85mm zoom) are 
mounted on an adjustable overhead stand with the cam- 
era lens pointed downward at the sample. The tissue 15 
brought into focus so that the entire screen is filled with 
the embossed sample to be examined. The image is 
aquired into an image analysis system (Sun Spark Sta- 
tion 1 with PGT Imex System Feature Analysis Soft- 
ware) and a detection threshold is set. The image is 
binarized and the field is examined for total embossed 
(black) area, which is expressed as a decimal fraction 
between 0 and 1 . 

[001 5] As indicated above, a feature of this invention 
pertains to the requirement that the male and female 
embossing elements are "unmatched". As used herein, 
this term is intended to mean that the male and female 
embossing elements are not identical in shape, but still 
are positioned relative to each other in registry such that 
they engage. This is meant to distinguish from conven- 
tional "matched" steel embossing elements in which the 
male elements are engraved first and the female ele- 
ments are subsequently made from the male elements, 
or vice versa, so that both elements are virtually inverse 
or reciprocal images of each other within the practicali- 
ties of manufacturing tolerances. This is not the case 
with the embossing elements of this invention, wherein 
although the male and female elements fit together or 
engage reasonably well, the sidewall slopes of the male 
and female embossing elements differ sufficiently to 
provide differential compression and/or shear on certain 
portions of the web when the embossing elements are 
engaged, meaning that all portions of the web which 
form an embossment sidewall are not compressed 
and/or sheared the same. This differential compression 
occurs when a sidewall of the male embossing element 
approaches contact with an upper corner of the female 
embossing element and/or a sidewall of the female 
embossing element approaches contact with a bottom 
corner of the male embossing element. Both conditions 



can occur simultaneously in the same male/female 
embossing element pair. 

[001 6] It is preferable that the slope of the male ele- 
ment sidewall be from about 5° to about 85°, and more 

s preferably from about 50° to about 70° or greater. H is 
believed that steeper sidewall angles create a more per- 
manent kink in the web in the vicinity where the 
embossment meets the undeflected area of the web 
when the slope of the male element sidewall is less than 

10 the slope of the female element sidewall. Because the 
depth of the resulting embossment is determined by the 
extent to which the male embossing element penetrates 
the female embossing element, in this embodiment of 
the invention the difference in sidewall slopes should not 

15 be so great that the penetration or degree of engage- 
ment of the male embossing element is insufficient to 
achieve the desired bulk. 

[0017] The sidewall slope of the male embossing ele- 
ments is from 5° to 10° greater than that of the female 
20 elements. Contrary to earlier findings it was shown by 
further experimentation that a greater sidewall slope of 
the male element is preferable to a greater sidewall 
slope of the female element. 

[0018] For purposes herein, the sidewall slope is 
25 measured relative to the plane of the undeflected web 
during embossing, with the maximum slope being per- 
pendicular (90°) to the undeflected web. This is 
described in greater detail below with regard to Figure 3 
which is, however, only illustrative, since it shows 
30 embossing elements, wherein the side wall slope of the 
female element is greater than the side wall slope of the 
male element. 

[0019] It must be kept in mind that the practicalities of 
commercial engraving limit the ability to make emboss- 

35 ing rolls in which the male and female embossing ele- 
ments contact each other in the same manner 
everywhere on the embossing roll or plate. When view- 
ing embossing element engagement in two dimensions 
(cross-sectional photographs), some embossing ele- 

40 ments will be shown to contact each other on both sides 
as hereinafter illustrated in Figure 3. In other instances, 
some embossing elements will be shown to contact 
each other only on one side. In still other areas, the 
embossing elements may appear to not touch at all. 

45 However, overall (over the entire embossed sheet sur- 
face) there are a sufficient and substantial number of 
pinch points to impart exceptional bulk and firmness to 
the web and integrity to the embossments. The varying 
degrees of engagement exhibited by the malt and 

so female embossing elements in accordance with this 
invention will be further illustrated and discussed in con- 
nection with Figure 4. 

[0020] When manufacturing embossing rolls for use In 
connection with this invention, laser engraving is a pre- 
ss ferred method of manufacture because of its precision 
and lower cost. Laser engraved rubber sleeves for 
embossing rolls and laser engraved plates are commer- 
cially available from Midwest Rubber Plate Co., Mena- 
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sha, Wisconsin. The material of the male and female 
embossing elements is preferably a deformable mate- 
rial such as rubber, plastic or the like. Such materials 
are not only more forgiving with respect to degrading the 
strength of the web during embossing, but they also are 
suitable for laser engraving. As used herein, "rubber" is 
meant to include any relatively deformable material hav- 
ing a Shore A hardness of about 100 or less and prefer- 
ably about 90 or less. Other suitable deformable 
materials include nylon, polyesters, polyurethane, poly- 
tetrafluoroethylene (Teflon), poly(vinylidene fluoride co 
hexaf luoropropylene) (Viton), and the like. 
[0021] Although deformable embossing element 
materials are preferred, it is also within the scope of cer- 
tain aspects of this invention for the embossing ele- 
ments to be steel or combinations of steel and rubber or 
other deformable materials. For example, the male ele- 
ments can be steel and the female elements can be a 
deformable material, such as rubber, or vice versa. It 
will be appreciated that many different suitable combi- 
nations of materials are possible and within the scope of 
this invention. The steel rolls of this invention can also 
be used for bonding nonwovens by heating the rolls to 
provide a unique bonding pattern. 
[0022] The web to be embossed in accordance with 
this invention can be any web suitable for embossing, 
including paper, tissue, nonwovens, films, laminates, 
combinations thereof and the like. The webs can be pre- 
heated or premoistened. In the case of tissue webs, 
which for purposes herein means webs intended for use 
as facial tissue, bath tissue, table napkins and paper 
towels, the web can be layered or nonlayered, creped or 
uncreped, wet pressed or throughdried, single-ply or 
two-ply or multiple ply, and can comprise natural and/or 
synthetic fibers. Creped tissue webs are preferred, 
which have a finished dry basis weight of from about 2.2 
kg to about 18.2 kg per 267.5 m 2 (5 to about 40 pounds 
per 2880 square feet) per ply and a geometric mean 
tensile strength of from about 300 to about 12,000 
grams per 7.6 cm (3 inches) of width. In addition to 
being defined by its intended use, bath tissue can be 
further defined as a tissue having a basis weight of 
about 15 g/m 2 to 45 g/m 2 and a cross-machine wet 
strength of about 200 g or less per 7.6 cm width. 
[0023] For purposes herein, roll bulk is the volume of 
a product (in cubic centimeters) divided by the weight of 
the product (in grams) For roll products such as bath tis- 
sue and paper towels which have a hollow core, the 
product volume "V" is calculated as follows: 

V=n(R 1 2 -R 2 2 )W 

wherein 

R 1 = radius of the roll; 

R 2 « outside radius of the hollow core; and 

W = width of the roll. 



For a rectangular stack of product such as facial tissue, 
the product volume is simply the length x height x width 
of the stack. 

[0024] The Firmness Index is a measure of the dis- 
5 tance, expressed in inches, that a weighted probe 
deflects the surface of a roll or stack of product. A 
greater deflection distance and hence a greater Firm- 
ness Index rellects lesser product firmness. The 
method and apparatus for measuring the Firmness 
w Index will be described hereinafter in connection with 
the detailed description of Figures 7 and 8. 

Figure 1 is a schematic illustration of prior art 
embossing using matched steel embossing ele- 
15 merits. 

"Figure 2 is a schematic illustration of prior art 
embossing using steel embossing elements 
against a rubber roll. 

Figures 3 A and 3B are schematic illustrations of an 
20 embossing method and the resulting embossed 
product. 

Figures 4A, 4B, and 4C are cross-sectional photo- 
graphs of a tissue web being embossed between 
male and female embossing elements in accord- 
25 ance with this invention, illustrating the varying 
degrees of contact between the male and female 
elements which can occur within the same emboss- 
ing pattern. 

Figures 5 A and 5B are cross-section photographs 
30 comparing a conventional embossed tissue web 
and a web made in accordance with this invention, 
respectively. 

Figure 6 is an illustration of the apparatus used to 
measure the Firmness Index for roll products such 

35 as bath tissue and paper towels. 

Figure 7 is an illustration of essentially the same 
apparatus illustrated in Figure 6, but modified 
slightly to measure the Firmness Index of stacked 
products such as facial tissue and table napkins. 

40 Figures 8A and 8B are plots of roll bulk vs. roll Firm- 
ness Index for embossed bath tissue of this inven- 
tion compared to the same tissues embossed using 
matched steel rolls. 

Figure 9 represents the particular embossing pat- 
45 tern referred to in the description of the previous 
Figures. 

[0025] Referring to the drawing, the invention will be 
described in greater detail. 

so [0026] Figure 1 illustrates an embossing process of 
the prior art in which a tissue web is embossed between 
matched steel embossing elements. Shown is a male 
steel embossing element 1 and a matching female steel 
embossing element 2 in an engaged position. The web 

55 3 being embossed is deflected between the embossing 
elements as shown. The amount of web compression is 
greatest between the male embossing element side- 
walls 4 and the female embossing element sidewalls 5. 
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Because the sidewall slope of the matched steel male 
and female embossing elements is identical, the extent 
of web compression is substantially uniform at all points 
between the bottom edge 6 of the male element and the 
top edge 7 of the female element. Under typical 
embossing conditions, the web is relatively uncom- 
pressed in the region between the bottom 8 of the male 
element and the bottom 9 of the female element. 
[0027] Figure 2 illustrates another embossing process 
of the prior art wherein a tissue web 3 is embossed 
between a male steel embossing element 1 and a rub- 
ber embossing surface 1 1 which partially conforms to 
the steel male element when engaged as shown. In this 
type of embossing process, the greatest degree of web 
compression occurs between the bottom 8 of the steel 
element and the corresponding surface 12 of the rub- 
ber. In the area of the male element sidewalls. 4, there 
is a gradual increase in web compression from a point 
1 3 on the undef lected surface of the rubber to a point 1 4 
near the bottom, edge 6 of the male element. 
[0028] Figure 3A illustrates how a tissue web 3 is 
deflected between a male embossing element 31 and 
an unmatched female embossing element 32. Figure 
3B illustrates the resulting embossment 33 of the 
embossed product. Unlike the embossing methods 
illustrated in Figured 1 and 2, the greatest degree of 
web compression and/or shear in this illustrative 
method occurs in the circled areas 34 located in the 
vicinity of the top edge of the female element This 
occurs because in this embodiment the sidewall slope 
of the female element sidewall 35 is greater than the 
sidewall slope of the male element sidewall 36. It is the- 
orized that applying maximum compression and/or 
shear only at the edge of the embossment realigns or 
deforms the fibers in this area in such a manner to give 
the resulting embossment greater structural integrity. In 
effect a more permanent crease or bend is imparted to 
the web at the edge of the embossment which results in 
greater embossment distinctness and a greater firm- 
ness retention for the embossed web. It has been dis- 
covered, however, according to the present invention 
that it is preferable to use a greater sidewall slope of the 
male embossing element. As previously described, the 
sidewall slopes are measured relative to the plane of the 
undetected web as indicated by dashed line 37. The 
sidewall slope of the male embossing element as shown 
in Figure 3A is indicated by the angle represented by 
the double arrow 38. The sidewall slope of the female 
embossing element is the angle represented by the 
double arrow 39. It is preferred that the male and female 
embossing elements are both made of rubber or other 
resilient material to provide an embossing surface 
which is more forgiving than steel and is less likely to cut 
the web at the point of near contact between the male 
and female embossing elements. 
[0029] Figure 3B also illustrates the maximum angle 
of deformation exhibited by the embossment 33. Shown 
is the undef lected plane of the web 37 and a line 40 



which is aligned parallel with the centerline of the 
embossment sidewall to give the greatest value for the 
angle represented by the double arrow 41. Determina- 
tion of the maximum angle of deformation can readily be 

s done with the naked eye by using a representative 
cross-sectional photograph of the product 
[0030] However, the maximum angle of deflection can 
also be calculated using image analysis procedures. 
One method to accomplish this is to input the cross-sec- 

10 tional photograph into an image analyzer with the gen- 
eral center of the cross-section running in the 
horizontal, or x, direction. The computer image is cor- 
rected for shading differences and then is discriminated 
to create a binary image in which the tissue component 

75 is detected. Next, the binary image is manually edited to 
remove any gross smudges appearing in areas outside 
of the tissue component. A series of dilations is per- 
formed to fill in void areas of the tissue image. Then, an 
opposite set of erosions is performed to maintain the lis- 

20 sue sheet's contour. Finally, the resulting tissue image is 
skeletonized to a fine of pixtels. Precautions must be 
taken to preserve line endpoints during skeletonization. 
The image that results from this step is equivalent to a 
line drawn through the center of the tissue cross-sec- 

25 tion. Once the skeletonized image is obtained, it may be 
broken up into line segments. Typically, 32 line seg- 
ments are created across the y-direction of the image. 
The angle of the individual line segments is easily 
measured as the inverse tangent of the ratio of Feret Y 

30 or Feret X. The maximum angle of the line segments is 
a measure of the steepness of the embossment side- 
wall. 

[0031] Figures 4A, 4B and AC are cross-sectional 
photographs (magnified 25X) of a creped tissue web 

35 being embossed between unmatched, laser engraved, 
rubber embossing elements in accordance with this 
invention. The embossing pattern was that as illustrated 
in Figure 9. The cross-sections are taken at different 
positions of an embossing element to illustrate the man- 

40 ner in which the web is acted upon by the embossing 
elements in general and the variation in the manner in 
which the embossing elements engage. The particular 
embossing elements illustrated were from rubber 
sleeves adapted to be used on embossing rolls. The 

as dimensions of the male embossing elements in cm were 
0.15 cm in depth. 0.22 cm wide at the top, and .06 cm 
wide at the bottom (in inches, were 0.060 in depth, 
0.085 wide at the top, and 0.025 wide at the bottom). 
The sidewall slope of the male embossing elements 

so was about 60°. The dimensions of the female elements, 
in cm were 0.13 cm in depth, .14 cm wide at the top, and 
about .038 cm wide at the bottom (in inches, were 0.050 
in depth, 0.055 wide at the top, and about 0.01 5 wide at 
the bottom) which was rounded. The sidewall slope of 

55 the female embossing elements was about 65°. As the 
photographs clearly show, the effect of using 
unmatched embossing elements has a-variable effect 
on the web on a micro scale. However, a common effect 



9 



EP 0 566 775 B1 



10 



is the compression or shear of the web at some point 
along the sidewall of the male embossing element 
where it approaches contact with the sidewall of the 
female embossing element. The differing sidewall 
slopes of the two dements prevent complete engage- 
ment and cause the web to be pinched off at some point 
while being virtually uncompressed at bottom of the 
male element For this to occur consistently it is pre- 
ferred that the maximum width of the male embossing 
element be at least as great as the maximum width of 
the female embossing element. Although not shown in 
these photographs, the relative positions of any given 
male and female embossing elements also change with 
time as the embossing elements of the two rolls or 
sleeves rotate in and out of engagement. Hence, in Fig- 
ure 4A for example, there apparently was initial contact 
between the male and female embossing elements on 
the left side prior to the photograph being taken (note 
the compression of the web at the top of the female 
embossing element left sidewall). Hence, when inter- 
preting these photographs, one must not only take into 
account the imperfections of the laser engraving proc- 
ess, but also the dynamics (rolling action) of the 
embossing process. 

[0032] Figures 5A and 5B are cross-sectional photo- 
graphs (magnified 20X) of a conventional embossed 
product and a product in accordance with this invention, 
respectively, using the embossing pattern illustrated in 
Figure 9. Shown in Figure 5A is a conventional single 
ply embossed creped tissue which has been embossed 
between a steel roll and a rubber roil. Figure 5B shows 
a like web embossed using laser engraved rubber rolls 
having unmatched male and female embossing ele- 
ments in accordance with this invention. Note the 
greater distinctness of the embossment in Figure 5B 
due to the more sharply angled sidewalls. Also note the 
relative thickness of the two webs in the area of the 
edge of the embossments. In the web of Figure 5B, this 
area is significantly thinner than the other areas along 
the sidewalls of the embossment. In contrast, the a cor- 
responding areas of the conventional embossment of 
Figure 5A are no thinner than the other areas along the 
embossment sidewalls. This occurs throughout the 
entire web. it is theorized that applying maximum com- 
pression and/or shear only at the edge of the emboss- 
ment realigns or deforms the fibers in this area in such 
a manner to give the resulting embossment greater 
structural integrity. In effect a permanent crease or bend 
is imparted to the web at the edge of the embossment 
which results in greater embossment distinctness and a 
greater firmness retention for the embossed web. 
[0033] Figure 6 illustrates the apparatus used to 
measure the Firmness Index for roll products. The 
apparatus is available from B.C. Ames Company, 
Waitham, Massachusetts 02154 and is known as an 
Ames #16 Bench Comparator. Shown is a roll product 
50 being measured which is supported on a core shaft 
51 , which in turn is supported by a suitable stand 52. A 



dial indicator 53 (#3223 long range indicator having a 
7.6 cm (3 inch) range) mounted on the comparator 
stand displays the distance of travel of the probe rod 54 
and displays readings from 0-100 in increments of 
5 0.001. The length of the post 55 of the comparator stand 
is 38 cm (15 inches) long. The tip of the probe rod is fit- 
ted with a contact point 56 having a .52 cm (1 3/64 inch) 
diameter and a .4 cm (11/64 inch) radius of curvature 
(Model P-100 Ames contact point). The probe rod is 
10 adapted to be loaded with slotted weight discs 57 to 
vary the load and resulting travel of the probe rod in 
deflecting the surface of the product. The total down- 
ward force exerted by the probe rod when unloaded is 
between 70-80 grams. 
15 [0034] When carrying out the Firmness Index proce- 
dure, the roll product is placed on the core shaft and 
holder so the indicator probe is approximately centered 
on the roll, end to end, and hits the apex of the roll cur- 
vature. The indicator probe is gently lowered onto the 
20 surface crown of the roll and the height of the dial indi- 
cator is adjusted until the reading on the dial indicator 
falls between 3.8 cm and 4.8 cm (1.5 and 1.9 inches). 
The product roll is then rotated to a different canter posi- 
tion and the dial indicator reading is recorded after the 
25 probe rod has been in contact with the product roll for 1 5 
seconds. This is the first reading. Then, with one hand, 
the indicator probe is firmly grasped with the thumb and 
forefinger above the indicator, dial using the dial hous- 
ing for support. With the other hand, a .453 kg (1 pound) 
30 weight disc is placed on the indicator probe. The indica- 
tor probe is then gently lowered onto the sample roll sur- 
face. After the indicator probe has been in contact with 
the product roll for 1 5 seconds, the dial indicator reading 
is taken. This is the second reading. Subtract the sec- 
35 ond reading from the first reading. The difference is a 
measure of the roil firmness. Repeat the foregoing pro- 
cedure at two random positions around the circumfer- 
ence of the product roll, each position being a fixed 
distance from each end of the roll. For bath tissue, the 
40 second and third readings should be one inch from the 
roll edges. For paper towels, the second and third read- 
ings should be two inches from the roll edges. The aver- 
age of the three readings is the Firmness Index for the 
product. 

45 [0035] Figure 7 illustrates the apparatus used to 
measure the Firmness Index for products comprising a 
stack of webs 58, which is very similar to the apparatus 
described in regard to Figure 6. The only difference 
from the apparatus illustrated in Figure 6 is the elimina- 

so tion of the core shaft for supporting the product sample 
to be measured. Instead, for products comprising a 
stack of webs, the product stack is simply placed on a 
suitable tray support 59 or other suitable means which 
supports the corners of the stack and rests on base of 

55 the test apparatus. In most instances the probe rod will 
be long enough to reach the stack. If not, the product 
stack can be further supported by any suitable means 
which raises the stack sufficiently to be measured. 
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[0036] The procedure for determining the Firmness 
Index for a stack of webs is the same as that described 
above with regard to roll products, except that the three 
measurements to be averaged are taken at different 
locations. The first measurement is taken at the center 
of the product, as viewed from above. The second and 
third measurements are taken at diametrically opposite 
corners of the product, one inch from both edges which 
form the chosen corner. As before, the average of the 
three measurements is the Firmness Index for the prod- 
uct stack. 

[0037] The relationship of roll Firmness Index and roll 
Bulk for two different embossed webs Is Illustrated in 
Figures 8A and 8B, in each case graphically illustrating 
a significant advantage of this invention compared to 
conventional embossing. The plot of Figure 8A repre- 
sents a comparison of a throughdried tissue web which 
was embossed by matched steel embossing rolls on the 
one hand and, an the other hand, by laser engraved 
rubber embossing rolls in accordance with this inven- 
tion. The embossing pattern for both pairs of embossing 
rolls was the butterfly pattern illustrated in Figure 9. The 
basesheet was a one ply, throughdried web having a 
basis weight of 33 grams per square meter and a geo- 
metric mean tensile strength of about 1300 grams per 
7.6 cm (3 inches) of width. The furnish was a homoge- 
neous mixture of 60 weight percent softwood bleached 
kraft and 40 weight percent hardwood bleached kraft 
papermaking fibers. The matched steel embossing roll 
elements appeared in cross-section as illustrated in Fig- 
ure 1 and had a depth of .11 cm (0.042 inch), a base 
width of .17 cm (0.067 inch), and an apex width of .06 
cm (.025 inch). The laser engraved embossing roll ele- 
ments appeared in cross-section as illustrated in Figure 
4 and had dimensions set forth in the description of Fig- 
ure 4. In each case, a 40.6 cm (1 6 inch) wide roll of the 
basesheet material was unwound, embossed at three 
different embossing levels, perforated every 11.4 cm (4 
1/2 inches) to define individual sheets, and wound onto 
a 4.6 cm (1 5/8 inch) diameter core to form a log having 
a 300 sheet count. The log was then cut with a band 
saw into three product rolls of single, ply bath tissue. For 
the matched steel embossing, the three different levels 
of embossing were obtained by three different levels of 
engagement of the embossing elements: 0.03 cm, .05 
cm, and 0.06 cm (0.015 inch, 0.020 inch, and 0.024 
inch) off bottom. For the laser engraved embossing, the 
three different levels of embossing were obtained by 
placing shims between the embossing roll bearing 
housings and increasing the spacing by 0.012 cm 
(0.005 inch) at a time. The initial setting was subjectively 
determined to give relatively heavy embossing. After 
the basesheet was embossed at all three conditions, 
the procedure was replicated to obtain two data points 
for each condition to improve the confidence level of the 
data. The results are plotted in Figure 8A. 
[0038] Figure 8B is a similar plot, but for a different 
basesheet The basesheet used for this plot was a wet 



pressed, two-ply tissue web having a combined basis 
weight of 31 grams per square meter and a geometric 
mean tensile strength of about 1 100 grams. The furnish 
was a homogeneous Wend of hardwood, softwood, 

5 bagasse and secondary papermaking fibers. The pro- 
cedure and the embossing rolls were otherwise as 
described above with respect to Figure 8A, except that 
only two levels of embossing element engagement were 
tasted for the matched steel embossing: .04 cm and .03 

10 cm (0.016 inch and 0.013 inch). The laser engraved 
embossing rolls were adjusted once by 0.01 cm (0.005 
inch) using shims as described above. 
[0039] As is illustrated by both plots, as the Bulk is 
increased the Firmness Index increases for the 

is matched steel product. (An Increasing Firmness Index 
means decreasingJirmness.) For the products made by 
the method and the embossing rolls of this invention, 
however, the Firmness Index remained relatively con- 
stant as the Bulk was increased. Hence by utilizing the 

20 method of this invention, one can increase roll Bulk 
while maintaining a desireable level of roll firmness. At 
the same time, a more distinct, well-defined embossing 
pattern is obtained. 

25 Claims 

1 . A method for embossing a web, comprising deflect- 
ing the web between unmatched male and female 
embossing elements, wherein the sidewall slope ol 

30 the female embossing elements is less than the 
corresponding sidewall slope of the male emboss- 
ing elements, whereby each sidewall slope is 
measured relative to the plane of the undetected 
web, wherein the sidewall slope of the male 

35 embossing elements is from 5° to 10° greater than 
the sidewall slope of the female embossing ele- 
ments. 

2. The method of claim 1 , wherein the sidewall slope 
40 of the male embossing elements is from 50° to 70°. 

3. The method of one of Claims 1 or 2, wherein the 
embossing elements are a deformable material. 

45 4. The method of one of Claims 1 to 3, wherein the 
embossing elements are rubber or plastic. 

5. The method of one of Claims 1 to 4, wherein the 
embossing elements are laser engraved. 

50 

6. The method of one of Claims 1 to 5, wherein the 
web is a tissue web. 

7. A method for embossing a tissue web according to 
55 any of Claims 1 to 6 between a pair of embossing 

rolls, wherein at least one of the embossing rolls 
comprises rubber or plastic male embossing de- 
ments and the other roll comprises rubber or plastic 
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female embossing elements. 

8. The method of Claim 7, wherein both embossing 
rolls comprise rubber or plastic embossing ele- 
ments. 

9. The method of Claim 7, wherein the embossing ele- 
ments of both rolls are rubber. 

10. The method of one of Claims 8 or 9, wherein the 
embossing elements of both rolls are laser 
engraved. 

1 1 . A pair of embossing rolls especially for being used 
in a process according to one of Claims 1 to 4, the 
pair of embossing rolls having unmatched male 
(31) and female (32) embossing elements, wherein 
the sidewall slope of the female embossing ele- 
ments (32) is less than the corresponding sidewall 
slope of the male embossing elements (31), 20 
whereby each sidewall slope is measured relative 
to the plane of the undeflected web, wherein the 
sidewall slope of the male embossing elements is 
from 5° to 1 0° greater than the sidewall slope of the 
female embossing elements. 25 

12. The embossing roll pair of Claim 11, wherein the 
sidewall slope (38) of the male embossing ele- 
ments is from 50° to 70°. 

30 

13. The embossing roll pair of one of Claims 11 or 12, 
wherein the embossing rolls are plastic or rubber. 

14. The embossing roll pair of one of Claims 11 to 13, 
wherein the embossing rolls are laser engraved. 35 

PatentansprOche 

1 . Verfahren zum Pragen einer Bahn, umfassend das 
Ablenken der Bahn zwischen nicht angepaBten #> 
mannlichen und weiblichen Prdgeelementen, 
wobei die Seitenwandneigung der weiblichen Pra- 
geelemente geringer alsdie entsprechende Seiten- 
wandneigung der mannlichen Prageelemente ist, 
wobei jede Seitenwandneigung relativ zur Ebene 45 
der nicht abgelenkten Bahn gemessen ist, wobei 
die Seitenwandneigung der mannlichen Prageele- 
mente 5° bis 10° grOBer als die Seitenwandneigung 
der weiblichen Prageelemente ist 

so 

2. Verfahren gemaB Anspruch 1, wobei die Seiten- 
wandneigung der mannlichen Prageelemente 50° 
bis 70° betragt 

3. Verfahren gemaB Anspruch 1 Oder 2, wobei es sich ss 
bei den Prageelementen urn ein deformierbares 
Material handelt 



4. Verfahren gemaB einem der AnsprGche 1 bis 3. 
wobei die Prageelemente aus Gummi Oder Kunst- 
stoff sind. 

5 5. Verfahren gemaB einem der AnsprQche 1 bis 4, 
wobei die Prageelemente lasergraviert sind. 

6. Verfahren gemaB einem der AnsprQche 1 bis 5, 
wobei die Bahn eine Tissuebahn ist. 

Verfahren zum Pragen einer Tissuebahn gemaB 
einem der AnsprQche 1 bis 6 zwischen einem Paar 
Pragewalzen, wobei mindestens eine der Prage- 
walzen mannliche Gummi- oder Kunststoffprage- 
elernerrte aufweist und die andere Walze weibliche 
Gummi- oder Kunststoffprageelemente aufweist. 

Verfahren gemaB Anspruch 7, wobei beide Prage- 
walzen Gummi- oder Kunststoffprageelemente aut- 
weisen. 

Verfahren gemaB Anspruch 7, wobei die Prageele- 
mente beider Walzen aus Gummi sind. 

Vedahren gemaB einem der AnsprQche 8 oder 9, 
wobei die Prageelemente beider Walzen lasergra- 
viert sind. 

Paar aus Pragewalzen, insbesondere zur Verwen- 
dung in einem Verfahren gemaB einem der AnsprG- 
che 1 bis 4. wobei das Paar aus Pragewalzen nicht 
angepaBte mannliche (31) und weibliche (32) Pra- 
geelemente aufweist, wobei die Seitenwandnei- 
gung der weiblichen Prageelemente (32) geringer 
ais die entsprechende Seitenwandneigung der 
mannlichen Prageelemente (31) ist wobei jede 
Seitenwandneigung relativ zur Ebene der nicht 
abgelenkten Bahn gemessen ist, wobei die Seiten- 
wandneigung der mannlichen Prageelemente 5° 
bis 10° grSBer als die Seitenwandneigung der weib- 
lichen Prageelemente ist. 

1 2- Paar aus Pragewalzen gemaB Anspruch 1 1 . wobei 
die Seitenwandneigung (38) der mannlichen Pra- 
geelemente 50° bis 70° betragt. 

13- Paar aus Pragewalzen gemaB einem der AnsprG- 
che 1 1 oder 12. wobei die Pragewalzen aus Gummi 
oder Kunststoff sind. 

14. Paar aus Pragewalzen gemaB einem der AnsprG- 
che 11 bis 13, wobei die Pragewalzen lasergraviert 
sind. 

Revendicataons 

1. Procede de gaufrage d'une nappe, qui consiste k 
deformer la nappe entre des elements de gaufrage 
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femelles et males non comptementaires, dans 
lequel la pente de la paroi lateVale des elements de 
gaufrage femelles est inferieure & la pente de paroi 
laterals correspondante des elements de gaufrage 
males, chaque pente de la paroi lat&rale 6tant 
mesur6e par rapport au plan de la nappe non d6for- 
m6e, la pente de la paroi laterale des Pigments de 
gaufrage males 6tant de 5° a 10° superieure a la 
pente de la paroi !at£rale des Elements de gaufrage 
femelles. 

2. Proceed selon la revendication 1, dans lequel la 
pente de la paroi laterale des elements de gaufrage 
males est comprise entre 50° et 70°. 

3. ProcSde" selon Tune des revendi cations 1 ou 2, 
dans lequel ies 6l6ments de gaufrage sont en un 
materiau dSformable. 

4. Proc§d$ selon Tune des revendications 1 a 3, dans 
lequel Ies elements de gaufrage sont en caout- 
chouc ou en matiere plastique. 

5. Procecle* selon Tune des revendications 1 a 4, dans 
lequel Ies Elements de gaufrage sont graves au 
laser. 

6. Procecle selon Tune des revendications 1 a 5, dans 
lequel la nappe est une nappe de papier absorbant 
mince. 

7. Procede" de gaufrage d'une nappe de papier absor- 
bant mince selon rune quelconque des revendica- 
tions 1 a 6 entre une paire de rouleaux de gaufrage, 
dans lequel Tun au moins des rouleaux de gaufrage 
comporte des elements de gaufrage males en 
caoutchouc ou en matiere plastique et i'autre rou- 
leau comporte des £I6ments de gaufrage femelles 
en caoutchouc ou en matiere plastique. 

8. ProcSde" selon la revendication 7, dans lequel Ies 
deux rouleaux de gaufrage comprennent des 6I6- 

e ments de gaufrage en caoutchouc ou en matiere 
plastique. 

9. Proceed selon la revendication 7, dans lequel les 
elements de gaufrage des deux rouleaux sont en 
caoutchouc. 

10. Procecle' selon Tune des revendications 8 ou 9, 
dans lequel les Pigments de gaufrage des deux 
rouleaux sont graves au laser. 

11. Paire demerits de gaufrage sp&aalement desti- 
nes a la mise en oeuvre d'un procecl6 selon Tune 
des revendications 1 a 4, la paire de rouleaux de 
gaufrage ayant des elements de gaufrage males 
(31) et femelles (32) non comptementaires, dans 



lequel la pente de la paroi laterale des 6l6ments de 
gaufrage femelles (32) est inferieure a la pente de 
la paroi Iat6rale correspondante des elements de 
gaufrage males (31), chaque pente de paroi laie- 
5 rale §tant mesur^e par rapport au plan de la nappe 
non dSformee, la pente de la paroi lateYale des eM6- 
ments de gaufrage males 6tant de 5° a 10° sup6- 
rieure a la pente de la paroi laterale des Pigments 
de gaufrage femelles. 

10 

12. Paire de rouleaux de gaufrage selon la revendica- 
tion 11, dans laqueile la pente de la paroi laterale 
(38) des 6!6ments de gaufrage males est comprise 
entre 50° et 70°. 

75 

13. Paire de rouleaux de gaufrage selon I'une des 
revendications 1 1 ou 12. dans laqueile les rouleaux 
de gaufrage sont en matiere plastique ou en caout- 
chouc. 

20 

14. Paire de rouleaux de gaufrage selon I'une des 
revendications 11 a 13, dans laqueile les rouleaux 
de gaufrage sont graves au laser. 

25 



30 



35 



40 



45 



50 



55 



9 



EP 0 566 775 B1 



Best Available Copy 




FIG. I 

(PRIOR ART) 




14 8 12 

FIG. 2 

(PRIOR ART) 



36 



7 



38 





(illustrative) 



10 



EP 0 566 775 B1 



Best Available Copy 



W :::: 







FIG. 4A 




FIG. 4B 



EP 0 566 775 B1 



Best Available Copy 




FIG. 4C 



12 



EP 0 566 775 B1 



fi esMva//ob/e copy, 




FIG. 5B 



13 




14 



EP 0 566 775 B1 



fi *Mvo//ob,e Co Py 



o 
c 



2 



0.36 ; 






0.32- 






0.28- 






0.24 J 
0.20^ 




0 






0.16; 






O.I2 : 


1 1—1 ,11111 1 


i i j i i i i i r i i i » i i i i 



11.3 



63 73 8.3 9.3 10.3 

ROLL BULK (cc/grom ) 
O MATCHED STEEL (CONVENTIONAL) □ INVENTION 

FIG. 8A 





0.36; 




0.32; 


<x> 




u 
c 


0.28; 


ESS ( 


0.24; 




2 

s 


0.20; 


o: 




u_ 


0.16; 
O.I2 : 




103 H.3 

ROLL BULK (cc/grom) 
O MATCHED STEEL (CONVENTIONAL) □ INVENTION 

FIG. 8B 



15 



EP 0 566 775 B1 

Best Available Copy 



(o ^ 

J}3 0*3 ^/^ -^O / 



0 



/ * 



FIG. 9 



16 



